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Scope and Method of Study: This study reports on the dis-
placement, velocity, and acceleration analysis of an 
n-r robot arm. The equations of the displacement, vel-
ocity, and acceleration of the hand center point were 
derived as a function of angular displacement, angular 
velocity, and angular acceleration of each joint in the 
arm. Different motion programs were used to provide the 
angular displacement, angular velocity, and angular 
acceleration of each joint as a function of time. An 
interactive computer program was developed to plot the 
displacement, velocity, and acceleration components of 
the hand as a function of time. Considering that all 
the joints may not make a complete rotation, a choice 
of oscillation angle for each link was embedded 'in the 
program. 
Findings and Conclusions: The method of transformation ma-
trices developed by Denavit and Hartenberg was found 
to have simplified the analysis of space mechanisms a 
great deal, especially in the analysis of robot arms. 
Transformation matrix method was used in this study to 
simplify the analysis. This analysis can be applied to 
any robot arm with general skew axis/robot arms with 
special geometry in order to determine the displacemen~ 
velocity, and acceleration characteristics of the hand 
center point of the robot arm. By knowing the displace-
ment, velocity, and acceleration of the hand, one can 
simply find the displacement, velocity, and acceleration 
of any point on an object being held by the hand assum-
ing the object is rigid. This research if applied to 
a specific robot arm can be used to compare the 
theoretical and actual results, therefore the difference 
between the components of actual and theoretical dis-
placement, velocity, and acceleration of the hand can 
be traced continuously. 
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An open loop kinematic chain with one end fixed to 
ground and a free end where there is a mechanical hand or 
gripping device with multi-degree of freedom of motion is 
considered as the simplest structure of robot arms/manipula-
tors Jl2J. Manipulators are assemblies of links which are 
assumed to be rigid members and kinematic pairs or joints 
which permit relative motion between successive links. A 
major difference between manipulators and other machines, 
designed to do one specific task, is that manipulators are 
capable of doing different tasks by simply reprogramming 
them [l]. 
Industrial robots have been avilable for 17 years-
providing over 4 million hours of robot labor, worldwide, 
to date [11] . Thus far primary applications have been press 
loading and unloading, spot welding and spray painting. 
Through computer-control and the addition of visual and 
tactile sensors to these robots, the range of applications 
can be broadened considerably. Advaned design robots will 
perform arc welding and more complex work handling. 
In a closed loop kinematic chain the most difficult 
problem is that of displacement analysis; given the relative 
1 
2 
displacements, velocities, and accelerations of the kinematic 
pairs determine the absolute displacements, velocities, and 
accelerations of any point of the system. This problem has 
been studied in depth and many approaches are known for its 
solution. However, the aim of this research is to extend 
this analysis to robot arms. There are some fundamental 
differences between the kinematic analysis of closed loop 
mechanisms and of manipulators. One major distinction is 
that a manipulator is usually an open loop system. Since 
the chain is not closed there are no kinematic dependencies 
among the joint variables and all are independnet degrees of 
freedom of the system. 
Proposed Research 
The overall aim of the research is to provide a proper 
foundation for the kinematic analysis of robot arms. Such a 
study will reduce the time and hence the considerable expense 
involved in the development and control of present and 
especially future manipulators. 
It is intended to develop an algorithm and an efficient 
computer program for displacement, velocity, and accelera-
tion analysis of all N-R robot arms with general proportions 
by solving the geometry rather than employing iterative 
techniques. Such a facility will include as special cases 
the analysis of robot arms with special proportions, for 
example those with intersecting and parallel axes. It is 
considered that the research will provide an analytical 
foundation for the design and operation of existing and 
especially future robot arms. The research can be used to 
compare the performance of a wide variety of robot arms and 
thus hopefully, ~reduce answers to the difficult problems 
3 
of selecting the structure and size to produce robot arms 
with assurance that the resulting machine will meet the 
required specifications. The central problem in the kine-
matic analysis of robot arms is the derivation of input-
output displacement, velocity and acceleration equations [15]y 
i.e. it is necessary to derive trigonometrical equations re-
lating the input angular displacement, velocity, and 
acceleration at each joint to the output absolute displace-
ment, velocity, and acceleration components of the robot 
hand. The input data may be supplied either in an analytical 
or in numerical form. Analytical data may be supplied [3] 
by choosing any one of several motion programs for any one of 
the joints. Numerical data [13] may be supplied in the form 
of angular displacement vs time, angular velocity vs time, 
or angular acceleration vs time for any number of joints. 
The output will be the plots of displacement, velocity, and 
acceleration components of the robot hand. At the end, an 
illustrative example will be provided to demonstrate the 
application of the computer program. 
CHAPTER II 
METHODOLOGY 
Displacement analysis in kinematics has been the 
objective of a number of studies, such as the vector 
methods developed by Chace, the transformation matrix 
method introduced by Denavit and Hartenberg and extended by 
Uicker et al. [ 2] . The transformation matrix method devel-
oped by Denavit and Hartenberg has simplified the analysis 
of space mechanisms a great deal, especially in the analysis 
of robot arms. The method of transformation matrices is 
used here to simplify this analysis. 
Dimensions and Configurations of a Link 
The dimensions and configurations of any link in space 
are determined by sets of parameters a. , 
l a. ' l 
e., s. as shown 
l l 











number of particular joint or pair 
characteristic axis of motion for pair involved 
axis formed by corrunon perpendicular directed 
from zi+l to zi 
axis implicitly defined to form a right-handed 
Cartesian coordinate system x.y.z. 
l l l 









angle from positive z. to positive z.+l' measured 
counterclockwise aboui positive xi+l; often cal-
led twist angle. 
angle from positive x. to positive x.+l' measured 
counterclockwise aboui positive z. l. 
l. 
distance along joint axes z. from x. to x.+1 . It 
takes sign from orientationiof posiEive z~. 
l. 
Once the four parameters a., ex.., e ., ands. have been estab-
i l. l. l 
lished for each link of a linkage, the geometry of the 
linkage is completely specified. The coordinate transforma-
tion from the system xi+lYi+lzi+l fixed in joint i+l to the 
system x.y.z. fixed in joint i is defined by the 4x4 matrix: 
l l. l. 
Cos 9; -Sin 
l. 




The relative change 
Yi+l' zi+l) to (x. , l 
Where 
And 
e. Cos a. Sin e. Sin CL_ 
l l l. l 
e. Cos a. -Cos e. Sin Cl. • 
l l. l. l 
Sin a. Cos a. 
l l. 
0 0 
in oreientation and position 





X. = (X. , Y. , Z. , 1) 
l. l. l l 
as: 
T 
= (Xi+l, yi+l' zi+l' l) 
a. Cos e . 
l l. 

















Figure 1. summary of Symbolic Notation 
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Hand Displacement of the Robot Arm 
(5) 
( 6) 
The coordinate of the hand center point relative to the 
base coordinate system of n-r robot arm may be defined as: 
X = T Xh n • 
Where Xh = (Xh, Yh, zh, l)T is the coordinate of the hand 
center point relative to a coordiante system fixed at the 
center point of the hand. If the coordinate systems are 
defined according to the format outlined here, then: 
T = (0, 0, 0, 1) 
( 7) 
( 8) 
X = (X, Y, z, l)T is the coordinate of the hand center point 
relative to the base coordinate system XYZ, and T is a 
n 
numerical matrix defined as: 
A 
n 
Therefore, the instantaneous position of the hand may be 
(9) 
found from these matrix paroducts. They are the displacement 
matrices for the moving hand. The position of the hand would 
8 
be completely known if we find y and ¢, horizontal and 
vertical angles of the extreme reach R, respectively. These 








-1 tan (Y/X) 
















To determine the velocity and acceleration of the 
hand we need to differentiate matrices A1 , A2 , •. ' A n 
and noting that this problem is to be adapted to computer 
operation a linear operator matrix Q. will be introduced 
J_ 
9 
to perform the differentiation through the following defini-
tion: 
aA. ce. l 
J_ 1 = Q.A. 
ae. J_ J_ 
l. 
( 13) 
Under the definition, the Q. 
J_ 
matrix is found to be: 
0 -1 0 0 
1 0 0 0 
Qi = 
0 0 0 0 
(14) 
0 0 0 0 




J_ J_ = Q.A. 8. 
l. J_ l. at 
a.e . . 
where e. = 
l. 
J_ 
is defined as the angular velocity of 
dt 
link i relative to link i - 1. 
Hand Velocity of the Robot Arm 
dx The absolute velocity components x = ~, y = .2L dt 
( 15) 
• dz 
z = dt of the hand relative to the base point may be found 







. dx y x = dt = z 
0 
A~ • • • 
l 
+ Al. • . A. lQ. A. . • . A xhe. 
i- i i n i 
+. . . + A1A2 ..• A lQ A Xhe n- n n n 
+. • • + B.e. 
l l 









The instantaneous absolute velocity components x, y, and z 
of the hand may be found from equation (18). 
Hand Acceleration of the Robot Arm 
The absolute acceleration components x = 
d2 d 2z 




may be found by differentiating equation ( 18) • 
d 2x 
x .. 






the base point 
Letting 
( 20) 
x + B.8. + 
l l 




+ B 8 ) + n n 0 








. dB. d l B. = = --err-l dt 
QlAl. A. 1Q.A .. i- l l 
(AlA2 • . 
Ane1 
. A. 1Q.A .. A) l- l l n 
+ AlQ2A2. A. 1Q.A. i- l l 
A. 2Q. lA. lQ. A .• l- l- l.- l 1. 
A e. l +Al .•. A. 1Q.Q.A .• n i- i- i i i 
. 
A 6. + .•. +Al n i 
Computer Program 
It is intended to develop an efficient interactive 
(22) 
( 2 3) 
computer program for displacement, velocity, and accelera-
tion analysis of all n-R robot arms with general proportions 
by solving the geometry rather than employing iterative 
techniques. Inputs of the program are the link parameters 
. 
a. , a., s. , e • I e. , e: I ai' Cl • I and s. are constants, but l. 1. 1. l. l. l. 1. l . 
variables. These variables e. , Q and e. are may be 
l. vi' l 
supplied either in an analytical or in numerical form. 
Analytical data may be supplied by choosing any one of 
several motion programs for each joint in the arm. These 
rnoition programs are: 
12 
1. Constant Velocity 
2. Simple Harmonic 
3. Modified Harmonic 
4. Cycloidal 
5. 3-4-5 Polynomial 
6. Cubic curve Type 2 
The above motion programs have been selected and modified 
from [3]. Numerical data may be supplied in the form of 
angular displacement, angular velocity, or angular accelera-
tion. The following summary includes the characteristics of 
the above motion programs. The notations used throughout 
these motion programs include: 
e = joint angular displacement, rad. 
ea = initital joint angular displacement, rad. 







ef - eo, maximum joint angular displace-
ment, rad. 
time for joint angular displacement of 
' sec. 
time for maximum joint angular displace-
ment b.6' sec . 
relative angular velocity, rad./sec. 
relative angular acceleratio.,. rad./sec 
2 . 
13 
Constant Velocity Motion Program 
The joint angular motion of a constant velocity motion 
program is plotted in Figure 3. Angular displacement, 
velocity, and acceleration of a link or a joint may be 
found from the following equations: 
e = eo + Li8 (~) . Lie e = -T-












· 3 constant Velocity Motion Figure . 
P:r;-og.ram 
Simple Harmonic Motion Program 
The joint angular motion of a simple harmonic motion 
program is plotted in Figure 4. The equations for joint 
angular displacement, velocity, and acceleration may be 
defined as 
e = eo + 
. 68'IT e = 2T 














( 2 8) 
( 29) 
15 
Modified Harmonic Motion Program 
The joint angular motion of a modified harmonic motion 
program is plotted in Figure 5. The equations for joint 
angular displacement, velocity, and acceleration may be 
defined as 
80 
t'.:18 · rrt e = + -2- (1-cos --)-T 
. L'.16'Tl' ( . 1Tt e :::: 2T sin -- - 1/2 T 
li8 1T 2 1Tt e :::: -2-C~) (cos -T 
' ' 



































Cycloidal Motion Program 
The joint angular motion of a cycloidal motion program 
is plotted in Figure 6. The equations of joint angular 
displacement, velocity, and acceleration may be defined as 
e eo + 
68 Tit 1/2 sin 2Tit ( 33) = -T- -TI T 
. 68 (1 2Tit ) (34) e = -T- - cos T 
e 268TI sin 2Tit (35) = 
T2 T 
>::: 
0 e . ·r-1 
.p 
l 
0 s . 
~ e ro ,,,,..--
~ r-1 / ;:> OD / \ .D.6· >::! I ro 
+c> I \ >::! //7- ' ·r-f ... 




\ , e / ..... __ 
Figure 6. Cycloidal Motion 
Program 
3-4-S Polynomial Motion Program 
The joint angular motion of 3-4-5 polynomial motion 
program is plotted in Figure 7. The equations of joint 
angular displacement, velocity, and acceleration may be 
defined as 




6 6068 = 
T3 
10.68 t3 - 15.66 t4 + 6.6 e t5 
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( 3 7) 
( 38) 
Cubic Curve Motion Program (Type 2) 
The joint angular motion of a cubic motion program 
type 2 is plotted in Figure 8. The equations of joint 
angular displacement, velocity, and acceleration may be 
defined as 
e = eo + 
. 6L18t e = T2 
e 6b.8 = 
T2 
2 . ·2t 
b.8-t- (3 - --) 
T2 T 
(1 t - T 
(1 ~) - T 
e 
.. 
-..... e ..... _ 
...... I ...... _ 
f-c:------T-------"'-~--...::;...1 
-,-.I 







The following is a summary of the numerical methods 
used in this study to differentiate/integrate the input data 
if supplied in a numerical form in order to provde the 
angular velocity and angular acceleration/angular displace-
metn and angular velocity of a particular joint. These 
numerical methods are Simpson's integration method and 
Newton's differentiation method. 
Simpson's Integration Method 
Simpson's rule is a numerical integration technique 
which is based on the use of parabolic arcs to approximate 
a function. Using the Taylor series expansions [14] the 
area of the two panels between xj-l and xj+l may be found 
from 
I (Xj+l) - (Xj-l) 
(6X) 5 
90 
fiv(X.) +Higher Order Terms 
J 
Equation (42) is used to find angular displacement and 
( 4 2) 
angular velocity from a supplied numerical data in the form 
of angular acceleration vs time. 
Newton's Differentiation Method 
Newton's forward, backward, and central difference 
relationships are used to differentiate a supplied numerical 
data in the form of angular displacement vs time in order to 
Provide the angular velocity and angular acceleration of a 
20 
particular joint. Newton's forward and backward difference 
formulas approximating the first and second derivitives with 




f" (X.) = 
l 
f' (X. ) = 
l 
f" ( x. ) = 
l 
-f(X. + 2.6X) + 4f(X. + 6X) - 3f(X.) 
1. 1. l 
26X 
2f(X.) ~ 5£(X. + 6X) + 4f(X. + 26X) - f(X.+36X) 
l l l l 
6X 2 







- Sf(X. - 6X) + 4f(X. - 26X) - F(X.-36X) 
l l 1. 
Newton's central difference formulas up to fourth order 
term of the Taylor series were used to differentiate the __ 
data associated with the midpoint of a range. The first 
and second derivitives of the central data may be found 





f(X. - 26X) - 8f(X. - 6X)+8f(X. + 6X) - f(X. +26X) 
l l l 1. 
126X 
-f(X. - 26X) + 16f(X. - 6X) - 30f(X.) +16f(X. +6X)-f(X.+26X) 
l l l l l 
12.6X 2 
Since there is a lot of matrix multiplications in the 
algorithm we are limited with computer memory space and this 
limits the data points to about two hundred and fifty 
(this result is obtained by trying to supply more 
21 
than 250 data points) when numerical data are supplied. To 
overcome this problem, one may run the program in a computer 
with bigger memory. 
CHAPTER III 
RESULTS 
The following example illustrates the hand displacement, 
velocity, acceleration of a 6-R robot arm. The link 
parameters arbitrarily chosen are as follows: 
al = 0.0 in. sl = o.o a. l. = 90.0 degrees 
a2 = 30.0 in. s2 = o.o a.2 = o.o degrees 
a3 = 30.0 in. s 3 = 0.0 Cl'.3 = o.o degrees 
a4 = 4.0 in. S4 = o.o CX.4 = 90.0 degrees 
as = 2.0 in. SS = 0.0 0'.5 = 90.0 degrees 
a6 = 1. 0 in. 56 = 0.0 Cl.6 = o.o degrees 
Figure 10 shows a robot arm with the above dimensions. The 
range of oscillation of the joint angles arbitrarily chosen 
are: 
e1 = 0 to 360 degrees 
e2 = 0 to 90 degrees 
e3 = -120 to 0 degrees 
84 = -90 to 90 degrees 
85 = -120 to +120 degrees 
66 = 0 to 360 degrees 
The motion programs used for joints angular motion are: 
22 
23 
Joint 1 Cycloidal 
Joint 2 Cubic Curve Type 2 
Joint 3 Modified Harmonic 
Joint 4 3_4;,_5 Polynomial 
Joint 5 Simple Harmonic 
Joint 6 Arbitrarily Chosen Data 
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
This research provides a foundation for the kinematic 
analysis of robot arms/manipulators. The problem was: 
Given the relative angular displacements, angular velocities, 
and angular accelerations of each one of the joints in the 
arm determine the absolute displacement, velocity, and accel-
eration components of the robot hand. 
To find the answers to the above problem equations of 
displacement, velocity, and acceleration of the robot hand 
were derived and an interactive computer program was developed, 
verified, and applied to plot the results. Input data of 
this program may be supplied either in an analytical form or 
in numerical form. Analytical data may be supplied by 
choosing any one of the provided motion programs for any one 
of the joints angular motion, and numerical data may be 
supplied in the form of angular displacement vs time, 
angular velocity vs time, or angular accelerations vs time. 
Numerical methods are used to differentiate/integrate the 
supplied numerical data in order to provide angular velocity 
and angular accelration/angular displacement and angular 
velocity of the corresponding joint. 
The general kinematic analysis problem as stated above 
has been titled the "direct task" [2]. Another completely 
40 
41 
different problem in robots and manipulators is called the 
"reverse task". Given the positions, and orientations, 
absolute velocities and absolute accelerations of the output 
link (the end effector), determine the relative displacements, 
velocities, and accelerations required in the various joints 
as functions of time. This problem is related to the general 
kinematic synthesis or optimization problem and is yet to 
be solved. This study may be used to compare the kinematic 
performance of the designed robot arms and hence reduce the 
time and risk involved in selecting the structure and size 
in order to produce robot arms with assurance that the 
resulting machine will meet the required specifications. 
In analyzing a specific robot arm using this research, 
the results should be compared for verification purposes 
with the results obtained experimentally from that particular 
robot arm. After the above comparison, the difference 
between the components of actual and desired displacement, 
velocity, and acceleration of the hand thus can be monitored 
continuously. 
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APPENDIX 
COMPUTER PROGRAM 
The following 16 pages are the listings of the inter-
active computerprogram wr.itten to analyze the displacement, 
velocity, and acceleration of the robot hand. This program 
can be used to analyze 2 to 9-R robot arms. If it is desired 
to analyze robot arms with more than 9 revolute pairs only 
the dimension statements must be changed both in the main 
program and the subroutines. Since the program is interactive 
and uses TSO plotting routines, the user must run it in a 
Tektronix terminal. The instructions of how to use the 
































l FORMAT(lRl//////////16X, 'THE KINEMATIC ANALYSIS OF AN N-R ROBOT 
AR00000160 






10 FORMAT(20X,'* INSTRUCTIONS*'////' ENTER THE DATA REQUESTED AFTER 
00000200 














3 FORMAT(' ENTER THE LINK LENGTHS Al,A2,A3, .... ,AN (IN ANY UNIT) 
00000280 
l'/' HIT RETURN KEY AFTER EACH VALUE IS ENTERED'} 
00000290 
DO 4 I=l,N 
00000300 




5 FORMAT(' ENTER THE TWIST ANGLES ALE'Al,ALE'A2, ... ,ALE'AN (IN 
DEGREES)00000330 
l'/' HIT RETURN KEY AE'TER EACH VALUE IS ENTERED') 
00000340 
DO 6 I=l,N 
00000350 




7 FORMAT(' ENTER THE OFFSETS Sl,$2,53, ... ,SN (UNIT MUST BE THE SAME 
00000380 
l'/' AS THE LINK LENGTHS),AND HIT RETURN KEY AE'TER EACH VALUE') 
00000390 
DO S I=l,N 
00000400 








9 FORMAT(' ENTER THE RANGE OE' OSCILLATION OF JOINTS 1,2, ... ,N(IN 
DEG00000450 
lREES) '/' FOR EACH ? ENTER 2 VALUES WITH A COMMA IN BETWEEN') 
00000460 














31 FORMAT(' WILL YOU USE NUMERICAL DATA FOR AT LEAST ONE JOINT 
ANGULA00000540 
lR MOTION?'/' ENTER 1 FOR YES AND 2 E'OR NO AND HIT RETURN KEY') 
00000550 
READ(S, *) NP 
00000570 





















12 FORMAT(' YOU HAVE THE OPTION OF CHOOSING ANALYTICAL OR NUMERICAL 
!00000680 
lNPUT FOR EACH JOINT ANGULAR MOTION.'/' ENTER THE CORRESPONDING 
NUM00000690 
2BER FOR JOINTS 1,2, ... ,N AFTER EACH? AND HIT RETURN 
KEY'///16X, '100000700 
3. CONSTANT VELOCITY'/16X,'2. SIMPLE HARMONIC'/16X, '3. MODIFIED 
00000710 
4HARMONIC'/16X, '4. CYCLOIDAL'/16X, 'S. 3-4-5 POLYNOMIAL'/16X, '6. 
00000720 
5CUBIC CURVE TYPE 2'/16X,'7. DATA FOR JOINT ANGULAR 
DISPLACEMENT'/00000730 




DO 14 I=l,N 
00000760 






DO 500 III=l,NT 
00000800 
TIME( III )=T 
00000810 














DO 30 I=l,4 
00000890 















C COMPUTE THE TRANSFORMATION MATRICES Al,A2,A3, .... ,AN,AND THE 
00000970 




DO 40 I=l,N 
00001000 
DO 35 J=l,4 
00001010 





















































C COMPUTE THE MATRICES Q1Al,Q2A2, ..•. ,QNAN,AND QlQ1Al,Q2Q2A2, 
00001280 




DO 60 I=l,N 
00001310 
DO 60 J=l,4 
00001320 










DO 65 I=l,N 
00001380 
DO 65 J=l,4 
00001390 












C COMPUTE THE TRANFORMATION MATRICES Al,AlA2,AlA2A3,AlA2 .... AN-1, 
00001460 








DO 70 J=l, 4 
00001510 

















DO 86 I=2,N 
00001600 
DO 85 J=l,4 
00001610 


















DO 90 I=l,4 
00001710 








DO 130 I=l,N 
00001760 
DO 100 J=l, 4 
00001770 










DO 110 J=l, 4 
00001830 










DO 115 J=l,4 
00001890 









DO 120 J=l,4 
00001940 
































XD ( I I I ) =V ( 1, 4) 
•• 00002110 
YD ( I II ) =V ( 2 , 4) 
00002120 




DO 170 I=l,4 
00002150 




DO 260 K=l,N 
00002180 
DO 180 I=l,4 
00002190 




DO 250 KK=l,N 
51 
00002220 
DO 200 I=l,4 
00002230 










DO 210 I=l,4 
00002290 








DO 220 I=l,4 
00002340 








DO 225 I=l,4 
00002390 




DO 240 I=l,4 
00002420 






DO 255 I=l,4 
00002460 










DO 270 I=l,4 
00002520 











XDD( III )=WP( 1, 4) 
00002580 
YDD( III )=WP(2, 4) 
00002590 












CALL QCKPLT(TIME,X,NT,'TIME(SEC)$' ,'X(T)$' ,'X COMPONENT OF 
DISPLAC00002660 • 




CALL QCKPLT(TIME,Y,NT, 'TIME(SEC)$' ,'Y(T)$', 'Y COMPONENT OF 
DISPLAC00002690 




CALL QCKPLT(TIME,Z,NT, 'TIME(SEC)$' ,'Z(T)$' ,'Z COMPONENT OF 
DISPLAC00002720 





QCKPLT(TIME,GAMA,NT, 'TIME(SEC)$'' 'THETA(DEGREES)$' I 'HORIZONTA00002750 




CALL QCKPLT(TIME,PHI,NT, 'TIME(SEC)$'' 'PHI(DEGREES)$' I 'VERTICAL 
POS00002780 






C PLOT ABSOLUTE DISPLACEMENT,ABSOLUTE VELOCITY,AND ABSOLUTE 
00002820 




CALL QCKPLT(TIME,ABSX,NT, 'TIME(SEC)$', 'ABSX(T)$', 'ABSOLUTE 
53 
DISPLAC00002850 




CALL QCKPLT(TIME,XD,NT, 'TIME(SEC)$', 'VX(T)$' ,'X COMPONENT OF 
VELOC00002880 




CALL QCKPLT(TIME,YD,NT, 'TIME(SEC)$' ,'VY(T)$', 'Y COMPONENT OF 
VELOC000029l0 




CALL QCKPLT(TIME,ZD,NT, 'TIME(SEC)$', 'VZ(Y)$', 'Z COMPONENT OF 
VELOC00002940 




CALL QCKPLT(TIME,ABSV,NT, 'TIME(SEC)$' ,'ABSV(T)$' ,'ABSOLUTE 
VELOCIT00002970 




CALL QCKPLT(TIME,XDD,NT, 'TIME(SEC)$' ,'AX(T)$', 'X COMPONENT OF 
ACCE00003000 




CALL QCKPLT(TIME,YDD,NT, 'TIME( SEC)$', 'AY(Y)$', 'Y COMPONENT OF 
ACCE00003030 




•. CALL QCKPLT(TIME,ZDD,NT, 'TIME( SEC)$', 'AZ(T)$', 'Z COMPONENT OF 
ACCE00003060 




CALL QCKPLT(TIME,ABSA,NT, 'TIME(SEC)$' ,'ABSA(T)$' ,'ABSOLUTE 
ACCELER00003090 






16 FORMAT(' WOULD YOU LIKE TO ANALYSE ANOTHER ROBOT ARM?'/' ENTER l 
00003130 















C THIS SUBROUTINE PROVIDES THE PROPER MATRIX TO BE USED IN 
00003210 






IE'(KKK.NE.KK) GO TO 300 
00003250 
IF(KK.NE.K) GO TO 320 
00003260 
DO 290 I=l,4 
00003270 






300 IE'(KKK.EQ.K) GO TO 320 
00003310 
DO 310 I=l,4 
00003320 






320 DO 330 I=l,4 
00003360 














C THIS SUBROUTINE PROVIDES ANGULAR DISPLACEMENT,ANGULAR 
00003440 
C VELOCITY,AND ANGULAR ACCELERATION CORRESPONDING TO 
00003450 
C THE MOTION PROGRAM CHOSEN FOR EACH OF THE N JOINTS 
00003460 









IF(I!.EQ.1) GO TO 101 
00003510 
IF(II.EQ.2) GO TO 102 
00003520 
IF(II.EQ.3) GO TO 103 
00003530 
IF(II.EQ.4) GO TO 104 
00003540 
IF(II.EQ.5) GO TO 105 
00003550 
IF(II.EQ.6) GO TO 106 
00003560 
· IF(II.EQ.7) GO TO 107 
00003570 
IF(II.EQ.8) GO TO 108 
00003580 
IF(III.EQ.l) GO TO 52 
00003590 
DO 53 LJ=2,NT 
00003600 




52 WRITE(6,55) I 
00003630 
55 FORMAT(' YOU HAVE CHOSEN TO GIVE DATA FOR JOINT(' ,I2,') 
ANGULAR'/'00003640 
1 ACCELERATION. ENTER THE DATA ONE AFTER EACH ? (DATA IN 
RAD./SEC.500003650 
2. )'/' HIT RETURN KEY AFTER EACH VALUE IS ENTERED') 
00003660 










































107 IF(III.EQ.l) GO TO 202 
00003870 
DO 201 LJ=2,NT 
00003880 




202 WRITE(6,37) I 
00003910 
37 FORMAT(' YOU HAVE CHOSEN TO GIVE DATA FOR JOINT(' ,I2,') 
ANGULAR'/'00003920 
1 DISPLACEMENT. ENTER THE DATA ONE AFTER EACH ? (DATA IN 
DEGREES)'/00003930 
2' HIT RETURN KEY AFTER EACH VALUE IS ENTERED') 
00003940 
























































































































108 IF(III.EQ.l) GO TO 109 
00004540 
DO 110 LJ=2,NT 
00004550 




109 WRITE(6,112) I 
00004580 
112 FORMAT(' YOU HAVE CHOSEN TO GIVE DATA FOR JOINT(' ,I2,') 
ANGULAR'/'00004590 
1 VELOCITY. ENTER THE DATA ONE AFTER EACH? (DATA IN RAD./SEC.)'/' 
00004600 
2HIT RETURN KEY AFTER EACH VALUE IS ENTERED') 
00004610 
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